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the edges of the flanges of such a compound girder as that shown
in Fig. 148 are connected, there is no necessity for the webs; and
if they are absent, a hollow cylinder results. This type of construc-
tion is very frequently found in plants and is particularly evident
in hollow stems, such as those of most grasses. In many plants
the sclerenchyma is arranged in the form of *a hollow cylinder
(Figs. 126,153). Such hollow cylinders are, as a rule, near the outer

surface of the stem. The strengthen-
ing material of the growing part of
a stem is usually collenchyma, and
this is generally arranged in the form
of a hollow cylinder just within the
epidermis (Figs. 151, 152,153).

The foregoing discussion of the
arrangement of the strengthening
material in the stem applies particu-
larly to herbaceous and young stems
In the case of trees the development
of a massive column of wood takes
the place of the strengthening mate-
rial that was used in the young stem.
Tissue tensions. The location of
thick-walled mechanical cells near
the periphery of an organ with thin-
walled parenchyma cells in the cen-
ter gives rigidity in another manner
besides that just considered. Thick-
walled cells", particularly dead scle-
renchyma cells, offer considerable
resistance to any tendency to stretch them. On the other hand,
thin-walled parenchyma cells tend to stretch, owing to their tur-
gidity. The stretching of the parenchyma is, however, checked
by the strong, thick-walled cells, which 'are themselves under
tension owing to the tendency of the parenchyma to stretch
them. These two strains, working against each other, produce
rigidity in somewhat the same way as in a turgid cell, in which
the contents, which have a tendency to swell, are compressed
by the stretched cell wall, or as in a rubber tube when air or water

FIG. 152. Diagram showing ar-
rangement of collenchyma (c),
forming a hollow cylinder at
the periphery of the stem, and
of sclerenchyma (s), exterior
to each vascular bundle and
forming an interrupted cylin-
der. (Compare with Fig. 149)